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Basic nutritional investigation

Plum juice, but not dried plum powder, is effective in mitigating
cognitive deficits in aged rats
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bstract Objective: Normal aging in animals and humans is accompanied by a decline in cognitive
performance that is thought to be due to the long-term effects of oxidative stress and inflammation
on neurologic processes. Previous findings have suggested that protection against age-related
cognitive declines may be achieved by increasing the dietary intake of fruits and vegetables,
especially those that are high in antioxidant activity, such as blueberries and strawberries. The
objective of this study was to investigate supplementation with Prunus domestica L. in mitigating
age-related deficits in cognitive function.
Methods: We investigated the effects of supplementation with P. domestica L., consumed as a 2%
dried plum (i.e., prune) powder or 100% plum juice for 8 wk, in mitigating age-related deficits in
cognitive function in aged Fischer 344 rats.
Results: Rats that drank plum juice from 19 to 21 mo of age had improved working memory in the
Morris water maze, whereas rats fed dried plum powder were not different from the control group,
possibly due to the smaller quantity of phenolics consumed in the powder group compared with the
juice group.
Conclusion: These results are discussed in relation to the amount and type of phenolics present in
the plum products and in relation to other dietary intervention studies in which cognitive benefits
have been reported. © 2009 Published by Elsevier Inc.
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Normal neurologic aging in animals and humans is ac-
ompanied by declines in cognitive performance [1–4],
hought to be due to an increased susceptibility of the brain
o the long-term effects of oxidative stress and inflammation
for reviews, see Joseph et al. [5] and Shukitt-Hale [6]). As
he proportion of elderly in our population increases, so will
he prevalence of cognitive impairment due to normal aging
nd to neurodegenerative diseases such as Alzheimer’s and
arkinson’s diseases [7–9]. To improve the quality of life
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or the elderly and to mitigate the social and economic
urdens of increased life expectancy, it is critical to devise
trategies that will slow the decline in cognitive perfor-
ance arising from oxidative stress and inflammation. Pre-

ious findings have suggested that age-related cognitive
eclines may be mitigated by the consumption of fruits and
egetables, especially the darker-colored ones, that contain
hytochemicals with high in vitro antioxidant and anti-
nflammatory activity (for reviews, see Joseph et al. [5], Cao
t al. [10], Wang et al. [11], and Shukitt-Hale et al. [12]).

Phenolic phytochemicals, which are abundant in fruit
rops, possess a myriad of biological activities, including
otent in vitro antioxidant activity [13]. Indeed, dietary
henolics have been reported to upregulate antioxidant
athways, providing greater benefit to antioxidant protec-

ion systems than simply their in vivo concentration and
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edox capacity. Phenolics may help to downregulate inflam-
atory pathways through their inhibitory effect on nuclear

actor-� and enzymes leading to inflammatory events. Phe-
olics can affect gene transcription, cell-cycling events, and
poptosis. As a result, phenolics provide benefits to cardio-
ascular health, cancer chemoprotection in various models
f inflammation, and, of particular interest to the present
tudy, in neuroprotection (for review, see Stevenson and
urst [13]).
Our laboratory has shown that when the diets of aged

�19-mo-old) rats were supplemented for 8 wk with Con-
ord grape juice as the sole source of liquid, the neurochem-
cal and behavioral changes that characterize brain aging in
hese rats was reversed [14]. Eight weeks of dietary supple-
entation to aged rats (19–21 mo old) with dark-colored

ruits and vegetables, including extracts of spinach, straw-
erry, or blueberry, in an AIN-93 diet or blueberry in a
how-based diet, were also effective in reversing several pa-
ameters of neuronal function (e.g., deficits in cell communi-
ation such as dopamine release) [15,16] and age-related motor
nd cognitive deficits [15–19]. Other berry fruits (i.e., cranber-
ies and blackcurrants) were also effective in this model [12],
uggesting that phytochemicals present in antioxidant-rich
oods [20] might be effective in forestalling functional age-
elated deficits.

California dried plums (i.e., prunes, Prunus domestica L)
re produced from a cultivar referred to by several names
ncluding French, Petite, d’Agen, Petite d’Agen, and d’Ente
21]. To produce prunes, plums are dehydrated in air at
5–90°C for 18 h to reduce fruit water content from 87% to
pproximately 33% [20]. Prunes (i.e., dried plums) may be
rocessed further into prune juice, purée, or other prune
roducts [22]. In a study of more than 100 common foods in
he United States, plums and prunes were found to have a
igh total antioxidant capacity when measured by the oxy-
en radical absorbing capacity (ORAC) assay [20]. The
otal (lipophilic and hydrophilic) ORAC of fresh plums was
eported as 59.2 �mol Trolox equivalents (TE)/g of edible
ortion [20]. Prunes were reported to have a total (lipophilic
nd hydrophilic) ORAC of 85.8 �mol TE/g of edible por-
ion, which was nearly three times higher than the other
ried fruits such as figs, raisins, and dates [20]. Recently
ried plums have been recognized as a healthy food, due to
heir laxative action, ability to delay glucose absorption, and
s preventive agents against chronic diseases, such as heart
isease, cancer, and osteoporosis [22].

The concentration of total phenolics in fresh prune-
aking plums is approximately 1.10 mg/g of fresh edible

ortion, based on high-performance liquid chromatographic
nalysis [21] which is approximately equivalent to 8.47
g/g dry weight (DW) total phenolics based on a fruit
oisture content of 87%. The phenolics in fresh prune-
aking plums include hydroxycinnamates (84–90%), fla-

onols (2–3%), the flavan-3-ol catechin (4–8%), and an-
hocyanins (4–9%) [21]. During the drying of plums to
ake prunes, phenolics are degraded due to the action of c
olyphenolic oxidase and non-enzymic Maillard reactions
23]. Donovan et al. [21] reported that half of the flavonols
nd hydroxycinnamates and all of the anthocyanins and
avan-3-ols were lost during commercial drying of plums.
he phenolic concentration of prunes is approximately 1.84
g/g of the fresh edible portion [21,22] or 2.67 mg/g DW

otal phenolics, based on a prune moisture content of 33%.
lums and prunes, which are notable for their abundance
nd variety of hydroxycinnamate esters, contain chloro-
enic acid (i.e., 5-O-caffeoylquinic acid) isomers including
-O-caffeoylquinic acid (neochlorogenic acid) and 4-O-
affeoylquinic acid (cryptochlorogenic acid) [20,21,24,25].

Given that plums and dried plums contain an abundant
ariety of hydroxycinnamate esters, although dried plums
re essentially devoid of flavonoids, we compared the ef-
ects of supplementation with these two products in our in
ivo model that examined age-related deficits in cognitive
unction [15]. The two plum products were tested in com-
arable but separate studies, which examined aged Fischer
44 rats, where cognitive testing was conducted after 8 wk
f supplementation with 100% plum juice or 2% dried plum
owder diet.

aterials and methods

nimal care

Nineteen-month-old male Fischer 344 rats (Harlan
prague-Dawley, Indianapolis, IN, USA) were employed.
ischer 344 rats have been shown to exhibit neurologic
ecrements by 15 mo of age in age-valid tests [4]. Rats were
ndividually housed in stainless-steel mesh-suspended cages,
aintained on a 12-h light/dark cycle, and were provided with

ood and water (by automatic watering) ad libitum, as spec-
fied in the two studies. Food intake was also measured
uring the course of the study. Animal weights were re-
orded at several time points and rats were examined daily
or clinical signs of disease. Animals were used in compli-
nce with all applicable laws and regulations and with the
rinciples expressed in the National Institutes of Health,
nited States public health service, Guide for the Care and
se of Laboratory Animals. Both studies were approved by

he animal care and use committee of the U.S. Department
f Agriculture, Human Nutrition Research Center on Aging
t Tufts University.

ried plum powder study

Thirty 19-mo-old rats were used in this study. After a
-wk period of acclimation to the facility, rats were weight-
atched and then randomly assigned to the control group or

he dried plum powder group (n � 15/group). During the
ourse of the study, one rat in the control group died and one
n the dried plum group was removed from the study be-

ause of extensive weight loss due to a pituitary tumor.
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The dried plum diet was prepared at Harlan Teklad
Madison, WI, USA) by adding dried plum powder to the
ontrol diet, which was a modification of the NIH-31 diet,
.e., the amount of corn in the control diet was adjusted to
ompensate for the added volume of the dried plums. The
ontrol NIH-31 diet was the same as used in previous
tudies where blueberries were found to be beneficial in
itigating brain aging [16,19,26,27]. The dried plum pow-

er (available only as a commercial industrial food ingre-
ient) was composed of 99% dried plums (Petite d’Agen
ariety) and 1% calcium stearate (Taylor Bros. Farms, Inc.,
uba City, CA, USA) and was added to the NIH-31 diet at
0 g/kg. The total phenolic concentration [28] of the dried
lum powder was 6.86 mg gallic acid equivalents (GAE)/g
W of powder, and no anthocyanins were detected in the
owder. Water-soluble ORAC [10] was 198 �mol TE/g of
W powder. Rats on the control or dried plum powder-

upplemented diet consumed food and water ad libitum for
wk before cognitive testing was conducted at 21 mo of

ge.

lum juice study

Twenty-eight 19-mo-old rats were used in this study.
nce the rats were weight-matched, they were randomly

ssigned to the control group (water, n � 13) or the plum
uice group (n � 15). Rats consumed an NIH-31 diet (Har-
an Teklad, product 7017) and fluids (water or plum juice)
d libitum. During the course of the study, one rat in the
lum juice group developed visible tumors in both eyes and
as removed from the study.
Plum phenolics were provided in the form of reconsti-

uted single-strength juice made from concentrate (Sun-
weet Growers, Inc., Yuba City, CA, USA) produced from
ature plums of the Petite d’Agen variety. The plum juice
as prepared as a mixture of 20.4% (v/v) plum juice con-

entrate and 79.6% water, which yielded a 14.3° Brix so-
ution. Total phenolic concentration in the reconstituted
lum juice was 6.29 mg GAE/g DW of juice (1264 mg
AE/L) [28] and the anthocyanin content was 0.009 mg

yanidin-3-glucoside equivalents (C3GE)/g DW of juice
1.80 mg C3GE/L) measured by high-performance liquid
hromatography. Water-soluble ORAC [10] of the plum
uice was 156 �mol TE/g of DW juice or 31.3 mmol TE/L.
efrigerated concentrate was used to make fresh single-

trength plum juice three times per week. Juice or water was
rovided to the rats in small glass jars secured to the cages
o prevent spillage. Jars and fluids were replaced in the
ages every other day. The rats were maintained on the
ontrol (water) or plum juice as their only source of fluids
or 8–9 wk before cognitive testing at 21 mo.

ntioxidant measurements

Antioxidant capacity of plum products and serum ob-

ained from rats at euthanasia after 9–10 wk of supplemen- U
ation were measured using the ORAC assay [10]. ORAC
as carried out using fluorescein as the fluorescent indicator
f antioxidant capacity [29]. Fruit ORAC was carried out on
xtracts dissolved in water. ORAC was measured on serum
fter protein was removed using perchloric acid [29].

ognitive testing

The Morris water maze (MWM) [30] is an age-sensitive
1,4,31] learning paradigm that requires the rat to use spatial
earning to find a hidden platform (10 cm in diameter)
ubmerged 2 cm below the water’s surface in a circular pool
nd to remember the platform location from the previous
rial. The pool is 134 cm in diameter by 50 cm in height and
aintained at 23°C. The rat uses distal cues to effectively

ocate the platform; accurate navigation is rewarded with
scape from the water onto the platform.

To assess working memory (i.e., short-term memory or
he ability to remember information over a brief period) in
he MWM [1,30], daily sessions were performed for 4
onsecutive days during the eighth or ninth week of dietary
ntervention, with a morning and an afternoon session, two
rials in each session, and a 10-min interval between the two
rials. Rats were tested in a random manner, except that
esting was alternated between rats on the control and plum-
upplemented diets. To begin each trial, a rat was gently
mmersed in the water at one of four randomized start
ocations. The rat was allowed 120 s to swim and find the
latform; if the rat failed to locate it within this time, it was
uided to the platform. Once on the platform, the rat re-
ained there for 15 s. After trial 1, which was the acquisi-

ion trial, to assess reference memory, the rat was returned
o its cage for 10 min until trial 2. Trial 2, the retrieval trial,
ssessed working memory by using the same platform lo-
ation and start position as trial 1. Performances were vid-
otaped and analyzed with image tracking software (HVS
mage, Buckingham, United Kingdom) and allowed the
easurement of the latency to find the platform (sec-

nds), total path length (centimeters), and swimming
peed (centimeters per second; latency/path length). For
more detailed description of the MWM and the para-

igm used, see Shukitt-Hale et al. [4].

tatistical analyses

Because the diet (NIH-31) and source of liquid (water)
or the control groups in the studies on both plum products
as the same, and because the two control groups were not

tatistically different in their MWM latency and distance
easurements, results for the two control groups were com-

ined (n � 27) for statistical analyses on these behavioral
easurements. For each MWM behavioral measurement, a

etween-subjects analysis of variance model was used to
tatistically compare the three groups (control, dried plum
owder, plum juice) using Systat (SPSS, Inc., Chicago, IL,

SA). Days or trials were included in the model when
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ppropriate, as a within-subjects variable. Post hoc compar-
sons to examine differences among groups were performed
sing Fisher’s least significant difference post hoc analysis.
o analyze working memory, separate t tests were con-
ucted for each group between the trial 1 and trial 2 laten-
ies and distances.

esults

There was no difference in food intake between the
ontrol and dried plum powder diet groups; final body
eight after 9–10 wk of feeding was not different (Table 1).
owever, in the plum juice study, rats receiving plum juice

te significantly less solid food than the control rats (F1,25 �
1.03, P � 0.01), even though body weight and fluid intake
etween the two groups was not different (Table 1). Rats
eceiving dried plum powder consumed 3.30 � 0.10 mg
AE/d of phenolics (mean � SEM) due to dried plum

upplementation. Rats receiving plum juice consumed
0.3 � 1.12 mg GAE/d of phenolics and 0.043 � 0.002 mg
3GE/d of anthocyanins due to plum juice supplementa-

ion. Note that the rats that drank the plum juice received
ore than nine times more total phenolics daily than the rats

hat ate the dried plum powder, because rats drank 100%
lum juice compared with only 2% dried plum in the diet.

Compared with the control group, rats receiving plum
uice showed improved performance in the MWM, whereas
he rats supplemented with dried plum powder showed no
hange in their MWM performance. Over the 4 d of testing,
rial 2 performance, which assessed working memory, was
ignificantly better in the rats receiving plum juice com-
ared with the control or dried plum groups. Improved
erformance by rats in the plum juice group was observed in
easurements of latency to find the platform (F2,52 � 6.04,
� 0.01; Fig. 1) and distance traveled (F2,52 � 4.25, P �

.05; Fig. 2). The performance of rats in trial 1, which
ssessed reference memory, i.e., long-term memory or the
bility of rats to remember the task, was not different among
he three diet groups (dried plum powder, plum juice, or
ontrol; Figs. 1 and 2).

able 1
ndividual rat body weight at the start and finish of the studies and mean
aily intake of solid and liquid food over the 9- to 10-wk study*

upplementation Body weight (g) Fluid intake
(mL/d)

Food intake
(g/d)

Week 0 Week 9/10

ontrol diet 450 � 7 447 � 5 N/A 22.7 � 0.7
% dried plum
diet

445 � 6 439 � 6 N/A 24.1 � 0.7

ater 414 � 10 415 � 13 27.0 � 1.5 21.5 � 1.1
00% plum juice 416 � 7 395 � 9 24.0 � 0.9 16.0 � 0.6†

N/A, not applicable
* Values are means � SEMs.

† P � 0.01 compared versus water control group. s
Cognitive improvement (i.e., improved working mem-
ry) in the rats receiving plum juice was also apparent when
eparate t tests were conducted between the trial 1 and trial
latencies and distances. Between trials 1 and 2 there was
significant reduction in latency to find the platform (t13 �
.15, P � 0.01; Fig. 1) and in the total distance traveled
t13 � 3.09, P � 0.01; Fig. 2). Because trial 2 measurements
f latency and distance were significantly less than in trial
, the rats fed plum juice demonstrated one-trial learning,
ven when there was a 10-min delay between the two
rials. This one-trial learning and improvement in work-
ng memory was not found in the control or dried plum
roups (Figs. 1 and 2).

When ORAC [20,29] was used to determine whether the
ietary treatments affected the antioxidant capacity of per-
hloric acid deproteinized blood serum, rats receiving plum

ig. 1. Morris water maze performance assessed as latency (mean � SEM)
o find the hidden platform over the 4 d of testing. Means not sharing a
ommon letter are significantly different from each other (P � 0.05,
isher’s least significant difference test). There was a difference (i.e., an

mprovement) between trial 1 and trial 2 performance for the plum juice
roup (**P � 0.01, t test), meaning that the plum juice group had improved
orking memory. This improvement was not seen in the control or the
rune diet rats.

ig. 2. Morris water maze performance assessed as distance (mean �
EM) to find the hidden platform over the 4 d of testing. Means not sharing
common letter are significantly different from each other (P � 0.05,

isher’s least significant difference test). There was a difference (i.e., an
mprovement in working memory) between trial 1 and trial 2 performance
or the plum juice group (**P � 0.01, t test). This improvement was not

een in the control or the prune diet rats.
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uice showed a significantly higher serum ORAC compared
ith serum obtained from rats in the control and dried plum
roups (F2,41 � 12.65, P � 0.001; Fig. 3).

iscussion

The benefit of plum juice consumption and the lack of
enefit of dried plum powder consumption in the MWM
erformance are interesting in relation to the different dose
nd form of plum products consumed by rats reported in this
tudy. Rats in the dried plum powder group consumed
ubstantially less total phenolics (3.30 mg GAE per rat per
ay) than rats consuming plum juice (30.3 mg GAE mg per
at per day). If we had fed more than 2% of the dried plum
owder to the rats, we also might have seen positive effects
ith this treatment. Although it is possible that the higher
ose of phenolics consumed by the plum juice group may
ave been solely responsible in the differential benefits
bserved, it may be that the form of the plum product also
ontributed to this difference. Plum juice phenolics are
ainly (84–90%) hydroxycinnamates; however, Donovan

t al. [21] reported that fresh Petite d’Agen plums also
ontain flavonoids, including flavonols (2–3% of total phe-
olics), flavanols (i.e., catechins, 4–8%), and anthocyanins
4–9%). However, after drying to produce prunes, essen-
ially no flavonoids remained in Petite d’Agen plums; an-
hocyanins and catechins were no longer present and fla-
onols were present at about 2% of the total phenolics [21].
herefore the phenolic composition of prunes is essentially
nly hydroxycinnamate esters (�90%), primarily various
hlorogenic acid isomers. The absence of flavonoids in the
ried plum powder may have also contributed to the lack of
ffect in dried plum powder-fed rats in the MWM, because
avonoids typically possess greater bioactivity than hy-
roxycinnamates. Compared with hydroxycinnamates, fla-
onoids are more potent antioxidants [32] and are also more
rotective in models of vascular oxidative stress, inflamma-

ig. 3. Serum ORAC assessed as TE (micromoles per milliliter) in depro-
einized samples (using perchloric acid; mean � SEM). Means not sharing

common letter are significantly different from each other (P � 0.01,
isher’s least significant difference test). ORAC, oxygen radical absor-
ance capacity; TE, Trolox equivalents.
ion [33], and atherosclerosis [34]. Furthermore, another d
nvestigation using a similar dried plum powder found that
he concentration of neochlorogenic acid and chlorogenic
cid in the dried plum powder was considerably less than
hat reported for dried plums [35]. In their study, the dried
lum powder contained �5% neochlorogenic acid and
10% chlorogenic acid of that reported for dried plums,
ost likely due to the high temperatures used to produce the

ried plum powder [35]. Therefore, it is possible that prunes
lone or perhaps prune juice could have had a beneficial
ffect, if tested in this study.

Blueberries, strawberries, and grapes, which are rich in
hytochemicals, particularly phenolics, have been reported
o provide cognitive benefits in the MWM model and, in
ome cases, in psychomotor performance [14,15]. Blueber-
ies are rich in anthocyanin flavonoids that are associated
ith health benefits [36]. Strawberries are distinctive in that

hey contain health-beneficial ellagitannins. Red grapes,
lueberries, and strawberries contain varying concentrations
f flavonols, flavan-3-ols (catechins), proanthocyanidins,
nthocyanins, and the non-flavonoid hydroxycinnamic acid
ster, chlorogenic acid [37]. Flavonoids like these appear to
xert health-protective effects through antioxidant mecha-
isms and, possibly more importantly, through direct effects
n cellular processes including anti-inflammatory pathways,
ene transcription and cell cycling, and apoptosis (for re-
iew, see Stevenson and Hurst [13]).

In previous experiments rats fed blueberry-, strawberry-,
nd 10% Concord grape juice–supplemented diets con-
umed 4.4 to 6.4 times less total phenolics than rats fed
lum juice, even though all four of these dietary treatments
rovided benefits in MWM performance (Table 2). This
ould suggest that the flavonoids present in blueberry,

trawberry, and 10% grape juice might be more effective in
mproving MWM performance, because MWM benefits
ere achieved at a lower total phenolic concentration than

n the plum juice group. Alternatively, there could be a
hreshold for effect, above which more phenolics are not
eneficial. It also may suggest that chlorogenic acid isomers
ontained in the plum juice were less potent in affecting
WM performance. Although Donovan et al. [21] reported

hat 4–9% of fresh plum phenolics may be anthocyanins,
he proportion of anthocyanins in the daily dosage of plum
uice in the present study was only 0.15% of the total plum
henolics (Table 2), suggesting that anthocyanins, and
ikely other flavonoids, may have been lost during the pro-
uction of the plum juice concentrate. According to Table 2,
ats consuming the dried plum powder received less total
henolics compared with rats in other studies, so it is also
ossible that, if the dose had been doubled, that the dried
lum powder would have shown some beneficial effects.

In addition to considering the relative bioactivity of fla-
onoids and non-flavonoids in MWM effects, it is also
mportant to consider their relative bioavailability. A recent
eview on the bioavailability of different phenolics classes
as indicated that the in vivo concentration of native hy-

roxycinnamates is significantly greater than that of native
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avonoids, and that hydroxycinnamates are not extensively
etabolized by phase II metabolism [13]. This may be

upported by our current and previous studies, where 50%
oncord grape juice, which contained flavonoids, provided
pproximately the same amount of total phenolics (30.6 mg
AE per rat per day) as plum juice (30.3 mg GAE per rat
er day); however, the 50% grape juice did not affect MWM
erformance, whereas plum juice was effective (Table 2).
nterestingly, 10% Concord grape juice improved MWM
erformance, whereas 50% grape juice did not. It may be
hat the higher level of grape phenolic intake induced phase
I metabolism of flavonoids, giving rise to higher levels of
heir conjugates, which were not effective in modulating

WM performance. The higher dosage of plum hydroxy-
innamates needed to observe an effect in the MWM com-
ared with other fruit (Table 2) suggests that the bioactivity
f hydroxycinnamates in the MWM is low, despite their
reater bioavailability. The bioavailability of the plum juice
henolics was apparent by the greater serum ORAC com-
ared with the control group (Fig. 3).

The quantity and quality of fruit phenolic should also be
onsidered in relation to the high-molecular-weight pheno-
ics that arise as a result of enzymic and non-enzymic
rocesses during fruit processing and storage, including
uring plum drying and prune storage [23]. During drying,
ellular compartmentation is destroyed, allowing the en-
yme polyphenol oxidase to react with chlorogenic acid
somers to form reactive quinones that can oxidize antho-
yanins, giving rise over time to anthocyanin-containing
henolic heteropolymers of increasing molecular weight
23]. Also Maillard-type non-enzymic reactions between
henolic compounds and protein moieties result in the for-
ation over time of high-molecular-weight mixed phenolics

23]. Although little is known about their bioavailability, it
s generally assumed that these processing-derived high-
olecular-weight compounds are very poorly absorbed, if

t all. It is interesting to note that the dried plum powder has

able 2
stimated daily intake of total phenolics, anthocyanins, and ORAC equiv

ruit product Dose (%) MWM latency* MWM dista

lum juice 100 ** **
ried plum powder 2 NS NS
lueberry powder 1.86 ** **
trawberry powder 1.48 # #

rape juice 10 # #

rape juice 50 NS NS

MWM, Morris water maze; ORAC, oxygen radical absorbing capacity
* Latency to find platform.
† Distance traveled to find platform.
‡ Milligrams of gallic acid equivalents consumed per rat per day (based
§ Milligrams of cyanidin-3-glucoside equivalents consumed per rat per
� Micromoles of Trolox equivalents consumed per rat per day (based on
¶ Phenolic and anthocyanin levels were not reported but were calculate
# P � 0.05 versus control.
** P � 0.01 versus control.
relatively high ORAC value, a measurement of antioxi-
ant capacity [35]. However, the ORAC and other assays
re tests of how compounds behave in vitro, but how the
ompound will behave in vivo depends on other factors
uch as bioavailability and bioactivity. Therefore one can-
ot assume, if a compound has a high ORAC, that it will
ecessarily have positive effects in a biological system.

onclusion

Taken together the results of the present study show that
lum juice had a beneficial effect in reversing age-related
eclines in cognitive behavior, whereas the dried plum
owder, which is derived from the same plums as the plum
uice, did not have a positive effect on memory. As dis-
ussed, the reasons for this difference could be related to the
uantity of phenolics consumed, the type and amount of
ifferent phenolics present in the fruit, the effects process-
ng has on these phenolic compounds, and their bioactivity.
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